The primary aim of this study was to examine prospectively the associations between 5 peroxisome proliferator-activated receptor (PPAR) single nucleotide polymorphisms (SNPs) and cardiovascular morbidity and mortality in a community-based cohort study in Washington County, Maryland. Data were analyzed from 9364 Caucasian men and women participating in CLUE-II. Genotyping on 5 PPAR polymorphisms was conducted using peripheral DNA samples collected in 1989. The followup period was from 1989 to 2003. The results showed that there were no statistically significant associations between the PPAR SNPs and cardiovascular deaths or events. In contrast, statistically significant age-adjusted associations were observed for PPARG rs4684847 with both baseline body mass and blood pressure, and for PPARG rs709158, PPARG rs1175543, and PPARD rs2016520 with baseline cholesterol levels. Future studies should be conducted to confirm these findings and to explore the associations in populations with greater racial and ethnic diversity.
atherosclerosis; for example, PPAR-γ activation may promote monocyte apoptosis, contributing to the stabilization of atherosclerotic lesions [5, 6] . Further, clinical trials have shown that the use of pharmacological PPAR agonists such as fibrates (PPAR-α agonist) is antiatherogenic. Fibrates elevate high-density lipoprotein (HDL) levels, decrease low-density lipoprotein (LDL) and triglyceride levels, and reduce an individual's risk of experiencing a cardiac event [7] .
A number of PPAR polymorphisms have been identified within the 3 PPAR isoforms and there is a considerable amount of literature on the associations between these polymorphisms and cardiovascular risk factors (reviewed in Cresci [7] ). There are less data, however, on the associations between the PPAR polymorphisms and cardiovascular disease events (e.g., myocardial infarction (MI), cardiovascularrelated death). Further, findings with regard to these associations have been inconsistent. For example, a case-control study nested within the Physician's Health Study suggested that the PPARG Pro12Ala polymorphism, located in exon B of PPAR-γ, is associated with a reduced risk of MI [8] . In contrast, a recent publication using data from the Health Professionals Followup Study showed that male carriers of the Ala12 allele had an increased risk of MI or cardiac death [9] while other studies have observed no statistically significant association between PPARG Pro12Ala and cardiovascular events or death [9, 10] . Thus, additional studies of these polymorphisms are necessary to help us better understand the role of PPAR genetics in cardiovascular disease especially in light of available pharmacological PPAR targeted agents.
The primary aim of this study was to examine prospectively the associations between 5 PPAR polymorphisms (4 in PPAR-γ: rs4684847, rs709158, rs1175543, and rs1801282; and 1 in PPAR-δ: rs2016520) and cardiovascular morbidity and mortality in a community-based cohort study in Washington County, Maryland. As a secondary aim, we also examined the associations between the PPAR polymorphisms and cardiovascular risk factors.
METHODS

Study sample
In 1974 and 1989, two cohorts named CLUE I and CLUE II ("Give us a Clue to Cancer and Heart Disease") were established in Washington County, Maryland. CLUE I and CLUE II enrolled 20 305 and 25 081 Washington County residents, respectively. At baseline for both cohorts, participants provided informed consent, completed a brief questionnaire, and donated a blood sample. The questionnaire ascertained data on age, gender, marital status, education, height and weight (CLUE II only), cigarette smoking, and medication and vitamin supplement use within the 48 hours prior to blood donation. In addition, in both 1974 and 1989, blood pressure was measured by a study nurse with a blood pressure cuff while the participant was in a seated position. Blood pressure was assessed three times in succession and the third blood pressure value was recorded. In 1989, total cholesterol (nonfasting) was assayed. Individuals who donated blood to both CLUE I and CLUE II constitute the Odyssey cohort (N = 8394) [11, 12] .
In addition to the Odyssey cohort, a CLUE II subcohort was selected for case-cohort studies that would be conducted using the CLUE II cohort data. The subcohort was identified by taking an approximate 10% age-and sex-stratified random sample of CLUE II participants who donated a blood specimen and were adult residents of Washington County, Maryland. Of the 2460 participants identified for the subcohort, 807 were also in the Odyssey cohort. Therefore, 10 047 unique participants were part of either the Odyssey cohort or the randomly selected CLUE II subcohort.
Of the participants in the Odyssey Cohort and the CLUE II subcohort, DNA was successfully extracted from the buffy coat samples of 9960 individuals (99.1%). DNA from these participants was genotyped for polymorphisms in genes controlling biological processes such as inflammation that have been associated with multiple diseases. For the study presented here, 5% of the Odyssey and subcohort participants who had no data on all of the chosen PPAR SNPs (n = 475) were excluded from the analysis. Further, all non-Caucasians (n = 121) were excluded from the analysis because previous studies have shown that race is an important effect modifier in investigations of polymorphisms and disease and there were not a sufficient number of non-Caucasians in the cohort to analyze the associations among this group. With the exception of race, excluded and included participants did not differ with respect to baseline characteristics. This study was approved by the Institutional Review Board of the Johns Hopkins Bloomberg School of Public Health.
Outcome assessment
Mortality
All participants were followed from the date of blood draw to the date of death or the end of follow up (August 31, 2003), whichever came first. In the CLUE cohorts, deaths are identified through daily searches of obituaries, cross-linkage with death certificates for Washington County, and through searches of the Social Security Administration for individuals aged 65 or older and the National Death Index. Cause of death is ascertained from the underlying cause on Maryland State death certificates as coded by state nosologists. Of specific interest in this study were cardiovascular disease deaths, for which the underlying cause was coded as ICD-9 390-459 or ICD-10 I00-I99. During the followup period, 2159 deaths were documented in the Odyssey cohort and the CLUE II subcohort, and of these, 791 (36.6%) were cardiovascular deaths. Approximately 4% (n = 334) of the Odyssey cohort and the CLUE II subcohort participants were lost to follow up. Since these individuals were not documented to have died during the followup period, they were considered alive at the end of follow up and censored at August 31, 2003.
Morbidity
Information on cardiovascular events was obtained using participant self-report beginning with questionnaires administered in 1996 and about every 2 years thereafter. On these questionnaires, participants were asked whether a "doctor had told them they ever had" a specific condition and at what age the condition was first diagnosed. The cardiovascular-related outcomes queried were: diabetes, high blood pressure, high cholesterol, heart attack (MI), angina pectoris, stroke, transient ischemic attack, peripheral artery disease, arrhythmia, and blood clots. Data were examined across the questionnaires for consistency; 5% of the participants had inconsistent data with regards to self-reported events. However, exclusion of these participants did not change the results and, therefore, these participants were not excluded. For this analysis, we examined any self-reported nonfatal cardiovascular event as an outcome. A nonfatal cardiovascular event was defined as consistent reporting from 1996 to 2003 of any one of the following cardiovascular conditions: MI, angina, stroke, transient ischemic attack, peripheral arterial disease, arrhythmia, or blood clots. We also considered a composite variable including only MI, stroke, transient ischemic attack, and peripheral arterial disease; however, the results were similar to the composite variable including all seven outcomes and, therefore, the seven outcome variable was used in all analyses. Individual diagnoses were also examined separately. Because of the inconsistency in the collection of data on the age at which a condition occurred as well as the large amount of missing data for the age variables, age at diagnosis data were not used in the analysis.
Genotyping
The PPAR SNPs analyzed in this study were a part of a larger group of 210 SNPs selected for investigation within the Odyssey cohort. SNPs were selected based on the following criteria: (a) the minor allele frequency was estimated to be ≥5% among Caucasians in the published literature or databases; (b) the polymorphism was in a gene of known or of promising importance in the development of cancer, cardiovascular diseases, and/or longevity; and (c) the polymorphism was either known to be functional or was likely to alter function based on the published literature. PPAR polymorphisms selected for analysis were rs2016520 (PPARD Ex4 + 15C > T), rs709158 (PPARG IVS9 + 4523A > G), rs1175543 (PPARG IVS9 + 7780A > G), rs1801282 (PPARG Pro12Ala), and rs4684847 (PPARG IVS3-6622C > T). To note, none of the other 210 SNPs selected for investigation in the Odyssey cohort were located in PPAR-α, PPAR-γ, or PPAR-δ.
DNA extracted from the preserved buffy coat samples collected in 1989 were used for genotyping. Within 6 hours of collection, the heparinized blood sample was centrifuged at 1500g for 30 minutes at room temperature. Blood samples were separated into plasma, buffy coat, and red blood cells and frozen at −70 o C within 24 hours of collection. The buffy coat remained frozen until DNA extraction was performed. The DNA extraction procedures used the alkaline lysis method [13] . Genotyping was performed by Celera Genomics Co. (Rockville, Md, USA) for rs4684847, rs709158, and rs1175543 and by Applied Biosystems Inc. (Foster City, Calif, USA) for rs2016520 and rs1801282. All polymorphisms were genotyped using TaqMan technology. Laboratory technicians were masked to disease status. Of the 9,364 participants in the analytic cohort, approximately 90% had data on all five genotypes; 6.7% had data on four, 2.4% had data on three, 0.7% had data on two, and 0.07% had data on only one.
Statistical analysis
The Hardy-Weinberg equilibrium for each SNP was tested by a goodness-of-fit approach. As reported in separate publication, all of the PPAR SNPs were in Hardy-Weinberg equilibrium [12] . The cohort characteristics were stratified by gender and compared using chi-square tests or student t-tests. Blood pressure at baseline was categorized into 3 groups independent of antihypertensive medication use as follows: normal, individuals with a systolic pressure less than 120 and diastolic pressure less than 80; hypertensive, those with systolic pressure greater than 140 or diastolic pressure greater than 90; and prehypertensive, those with a systolic pressure between 120 and 140 or diastolic pressure between 80 and 90. The age-adjusted associations between the PPAR SNPs and cardiovascular risk factors (i.e., baseline BMI, cholesterol levels, blood pressure) were examined using logistic regression models. Age was adjusted for in all analyses as there were statistically significant age differences for several of the SNPs. Gender was not adjusted for in these analyses because it was not associated with SNP prevalence. Cox-proportional hazard ratios were calculated for both all-cause and cardiovascular mortality after adjustment for age. Since the nonfatal cardiovascular outcomes (including MI), followed a Poisson distribution, and age at diagnosis data were not used in the analysis, age-adjusted relative risks for nonfatal cardiovascular events and for only MI were obtained using Poisson regression methods; this type of analysis was also used when analyzing fatal and nonfatal outcomes combined. Premature death (both overall and due to cardiovascular disease) was also examined as an outcome variable and defined as death prior to the age of 65. All analyses were done separately for the 5 SNPs and stratified by gender, diabetes diagnosis, and body mass index (BMI) at baseline. No differences in the risk estimates were observed in these strata and, therefore, only results for the entire cohort are presented.
To address the issue of multiple testing in this study, P values for the associations between SNPs and the cardiovascular risk factors were adjusted for the false discovery rate utilizing Fisher's combination method using bootstrap resampling. All statistical analysis was carried out using SAS software, version 9.1 (SAS Institute, Inc., Cary, NC, USA). A two-sided P value ≤.05 was considered statistically significant.
RESULTS
Baseline characteristics of the study sample, overall and by gender, are shown on Table 1 . In 1989, males were significantly more likely than females to have some college education, to report being a current or former smoker, and to be categorized as prehypertensive or hypertensive. In addition, males had a significantly higher mean BMI than females. In (78) 971 (22) contrast, females were more likely to have cholesterol levels greater than 200 mg/dL, either with or without cholesterol medication use, than males. There were no gender differences in baseline age or PPAR SNP prevalence. Table 2 shows the age-adjusted associations between the PPAR SNPs and cardiovascular risk factors examined at baseline and at follow up. After adjustment for age, BMI at baseline was significantly associated with the PPARG rs4684847 SNP such that individuals with at least one of the less common T alleles were significantly more likely to have a higher BMI than individuals carrying the CC genotype. Cholesterol level (without medication use) at baseline was significantly associated with the PPARG rs1175543, the PPARG rs709158, and the PPARD rs2016520 SNPs. Specifically, individuals carrying the PPARG rs1175543 AA, the PPARG rs709158 AA, or the PPARD rs2016520 CT or TT genotypes were significantly more likely to be categorized as having baseline cholesterol levels of 240 mg/dL or greater compared to those with the PPARG rs1175543 AG or GG, the PPARG rs709158 AG or GG, or the PPARD rs2016520 CC genotypes, respectively. Further, participants carrying the PPARG rs4684847 CT or TT genotypes were more likely to be categorized as being prehypertensive or hypertensive at baseline compared to participants carrying the CC genotype. No statistically significantly associations were observed between any of the PPAR sNPs and high blood pressure, high cholesterol, or diabetes diagnoses over the entire followup period. To note, after adjustment for multiple testing, none of the associations between the SNPs and the cardiovascular risk factors were statistically significant.
There were no statistically significant associations between the PPAR SNPs and cardiovascular deaths or events (including nonfatal events combined and MI alone) (see Table 3 ). A 40% reduction in the risk of premature cardiovascular death was observed for individuals with the PPARG rs4684847 CT or TT genotype compared to the CC genotype; however, the confidence interval was wide due to a small number of deaths (see Table 4 ). There were no statistically significant associations for premature death (all cause and cardiovascular-related) and PPARG rs709158, PPARG rs1175543, PPARG Pro12Ala, and PPARD rs2016520.
DISCUSSION
In general, the findings from this prospective, communitybased cohort study indicate that the selected SNPs in PPAR genes are not associated with overall and premature cardiovascular morbidity and mortality. Further, with a few exceptions, we found that the selected PPAR SNPs were not associated with risk factors of cardiovascular disease. These findings were consistent among both men and women, among those with a diagnosis of diabetes, and in strata defined by baseline BMI.
Data on PPAR polymorphisms and cardiovascular disease and cardiovascular disease risk factors are limited and inconsistent. The most studied PPAR polymorphism, PPARG Pro12Ala, has been shown to be associated with reduced PPARG activity [14] , and initial studies reported a lower risk of type 2 diabetes associated with the Ala12 allele [14] . This association was observed in some [15] [16] [17] [18] [19] , but not all [20] [21] [22] [23] , subsequent studies. The lack of consistency also extends to studies examining the PPARG Pro12Ala polymorphism and cardiovascular disease events: one prospective cohort study examining the PPARG Pro12Ala polymorphism and cardiovascular disease suggested a decreased risk of CHD among carriers of the Ala12 allele [8] , while others have shown no association [9, 10, 24] or an increase in risk [9, 25] . Although our study was limited by the small number of cardiovascular events, our results are consistent with those previous studies that have shown no association. This finding, as well as the data showing a lack of association between PPARG Pro12Ala and cardiovascular risk factors, suggests that this SNP is not involved in the development of cardiovascular disease in this population.
While most of the analyses conducted resulted in null findings, statistically significant age-adjusted associations were observed for PPARG rs4684847 with both baseline BMI and blood pressure, and for PPARG rs709158, PPARG rs1175543 and PPARD rs2016520 with baseline cholesterol levels. These associations were not statistically significant when self-reported blood pressure or high cholesterol at any time point over the study period were considered as outcome variables. Further, the statistical significance of the associations disappeared after correction for multiple testing. However, this may be due to a lack of statistical power. To our knowledge, these polymorphisms have not been examined in relation to cardiovascular disease or cardiovascular disease risk factors. Further, the functionalities of these polymorphisms are unknown. Although located in intron regions, these polymorphisms may affect enzyme distribution or other physiological functions related to cardiovascular health. Alternatively, it may be that the associations observed with these SNPs in this study are due to the polymorphisms being in linkage disequilibrium with other functional polymorphisms in the respective regions. Several limitations of this study must be considered when interpreting the results. First, all of the followup data on cardiovascular risk factors and events were based on self-report. Because of this, there were some missing data for those who did not complete any of the followup questionnaires.
PPAR Research
Further, among those who did complete the questionnaires, there is the possibility of misclassification; this would likely be nondifferential, resulting in a dilution of the true risk estimate. However, in another investigation of this population, self-report of incidence of MI was compared to data gathered from on ongoing county-wide surveillance of MI events documented by hospital review and the sensitivity and specificity of reports were in excess of 94% (HY Huang, personal communication). A second limitation is that because of the racial homogeneity of the sample we were not able to explore potential racial differences in the associations between the PPAR polymorphisms and cardiovascular disease. In a previous publication [12] , we did find, however, racial differences in the prevalence of the PPAR polymorphisms in this study that are consistent with those published in the SNP500 and dbSNP databases.
CONCLUSIONS
The results from this prospective, community-based cohort study showed no association between the selected PPAR polymorphisms and cardiovascular morbidity and mortality. In addition, in general, no statistically significant associations were observed between the PPAR polymorphisms and cardiovascular risk factors. Future studies should be conducted to confirm these findings and to explore the associations in populations with greater racial and ethnic heterogeneity.
